Sudanese honeys derived from flowers of Acacia nilotica, Acacia seyal, Azadirachta indica, Cucurbita maxima, Balanites aegyptiaca, and two Ziziphus spina christi plant species were evaluated. The moisture content was in the range from 16.2 to 21.3, g/100 g honey, ash content from 0. 121 to 1.205 g/100 g honey, nitrogen from 0.032 to 0.046 g/100 g honey  while the corresponding protein content was 0.200 to 0.286 g/100 g honey. Total phenolic  content varied from 4.44 to 201.08 mg/100 g honey as gallic acid equivalent. The values of  the antioxidant activities were in a range from 3177 to 6247 µg for the lC 50 . No significant  correlation was established between antioxidant activity and total phenolic contents. 
INTRODUCTION
Honey is the natural sweet substance produced by honeybees from the nectar of blossoms or from secretions of living parts of plants or excretion of plant sucking insects on the living parts of plants, which honeybees collect, transform and combine with specific substances of their own, store and leave in the honey comb to ripen and mature. [1] Antioxidants play an important role in food preservation and human health by combating damage caused by, oxidizing agents, e.g., oxygen. The role of free radicals, such as superoxides radical, hydroxyl radical and others, has been emphasized in a number of diseases, including cancer [2, 3] cardiovascular diseases. [4] Different studies have shown that free radicals present in the human organism cause oxidative damage to different molecules, such as lipids, proteins, and nucleic acids and thus are involved in the initiation phase of some degenerative illnesses. As a consequence, those antioxidant compounds that are capable of neutralizing free radicals may play a major role in the prevention of certain diseases, such as cancer, cataracts, cerebral pathologies and rheumatoid arthritis. [5] Natural food usually contains natural antioxidants that can scavenge free radicals. Honey contains a number of components known to act as antioxidants. In honey, the PHENOLIC CONTENTS AND ANTIOXIDANT ACTIVITY OF SUDANESE HONEY 451 antioxidant capacity is the result of the combined activity of a wide range of compounds including phenolics, peptides, organic acids, enzymes, Maillard reaction products and possibly other minor components. [6] Recently, considerable interest has been focused on dietary antioxidant. Since dietary antioxidants provide health benefits, floral source should be a factor in evaluating the potential of honey as an antioxidant-containing food supplement [7] and may be used as a healthy alternative to sugar in many products. [6] Honey can play an important role in providing dietary antioxidants in a highly palatable form. [7] Phenolics are ubiquitous compounds found in all plants as their secondary metabolites. These include simple phenols, hydroxybenzoic acid and cinnamic acid derivatives, flavonoids, coumarines, and tannins, among others. [8] Phenolics are very efficient scavenger of peroxyl radicals [9] because of their molecular structures, which include an aromatic ring with hydroxyl groups containing mobile hydrogens. Moreover, the action of phenolic compounds can be related to their capacity to reduce and chelate ferric ion, which catalyze lipid oxidation. [10] Previous studies indicated that honey might be used for the treatment of skin wounds and various gastrointestinal diseases. [11] This beneficial role was attributed to both antibacterial and anti-inflammatory properties of honey regarding high osmolarity, acidity, and content of hydrogen peroxide and non-peroxide components. [12] The composition of honey depends on the plant species visited by the honeybees and the environmental, processing and storage conditions. [13, 14] Al-Khalifa and Al-Arify [15] investigated physicochemical characteristics of ten Saudi honey types including Acacia and Ziziphus spina christi species and they found that Saudi honeys generally agreed with national and international honey specification. Honey has been investigated as an alternative to the use of chemical preservatives (e.g., sulfites) for browning in food processing. [16] Very little information is known about the phenolic content of Sudanese honey and no previous antioxidant activity studies have been done on Sudanese honeys; thus the main objectives of this study were to determine total phenolic contents of Sudanese honey and to evaluate their antioxidant activity. In addition, the correlation between them was also sought.
MATERIALS AND METHODS

Materials
Seven of the most common Sudanese Apis mellifera honeys were used in this study; the monofloral honeys were obtained in Khartoum, Sudan from experienced bee-keepers and classified according to their botanical origin. The honey samples, as well as the family, scientific and local names of the plants that form the basic flora of the honey samples, are shown in Table 1 . The seven samples were obtained in June 2004, and the tests were performed within 2 months following collection. Upon receipt, honeys were centrifuged and stored at 21 • C in the dark until used. All chemicals and reagents used were of analytical grade.
Methods
Physicochemical properties
Moisture, ash, and nitrogen content. The moisture content of honey samples was determined according to AOAC methods [17] by means of Refractometer (Hilger 452 IDRIS, MARIOD, AND HAMAD Watts Ltd., London, England). Hand refractometer reading at 20 • C was recorded and the percent moisture was obtained from the values given in the conversion table. Ash content was determined according to AOAC methods. [17] Nitrogen in honey was determined according to AOAC methods [17] 300 mg of honey sample were weighed; 3.0 ± 0.1 ml of sulfuric acid (H 2 SO 4 ) was added. After digestion, (NH 4 ) 3 BO 3 was titrated with 0.01N HCl. pH and other characteristics. To ten grams of homogenized honey, 75 ml CO 2 free distilled water was added and the pH was read directly from the PH meter (Hanna instruments Inc. Woonsocket, RI, USA). Refractive index (RI) was determined at a constant temperature near 20 • C using a refractometer (Hilger Watts Ltd., London, England). Total soluble solids as ( • Brix) were measured using hand refractometer (Extech Instruments Corporation, MA, USA). Electrical conductivity was determined using a WPA CM 35 conductivity meter (WPA Scientific Instrument, Linton Cambridge, England) by placing 2-3 drops of the sample in conductivity meter.
Determination of total phenolic content. The total phenolic content was determined following the method of Singleton and Rossi [18] ; Singleton, et al. [19] modified and developed by Liviu et al. [20] for honey briefly: 5 g of honey were treated with 50 ml of distilled water, mixed and filtered using a qualitative filter. Five hundred microliters of this solution was mixed with 2.5 ml Folin-Ciocalteu reagent (0.2 N) for 5 min and then 2 ml of a Na 2 CO 3 solution were added (75 g/l). All samples were incubated at room temperature in the dark conditions for 2 h, and their absorbance was read at 760 nm. The results are expressed as mg gallic acid equivalents (GAE)/100 g. The blank solution contained ethanol instead of honey. For calibration curve, a stock solution of gallic acid in ethanol (1 mg/ml) was prepared for further dilutions.
Determination of antioxidant activity. The antioxidant capacity of honey samples was determined from the inhibition of ascorbate/iron-induced peroxidation of phosphatidylcholine by means of thiobarbituric reactive substances (TBARS) measurement [21] [22] . Briefly, phosphatidylcholine at a final concentration of 1 mg/ml, and honey sample, at different concentrations, were added to 150 mM KCl containing 0.2 mM FeCl 3 . Peroxidation was started by adding ascorbate at a final concentration of 0.05 mM to complete a volume of 0.4 ml. Samples were incubated at 37 • C for 40 min and the reactions were terminated by adding 0.8 ml of 20% (w/v) trichloroacetic acid (TCA)/0.4% (w/v) thiobarbituric acid (TBA)/0.25N HCl), and 0.01 ml of butylated hydroxytoluene (BHT) in ethanol. The production of TBARS was measured spectrophotometrically at 535 nm after incubation at 80 • C for 20 min. and expressed as dry weight (µg) causing 50% inhibition (IC 50 ). Ethanol was used as control.
Statistical Analyses
Statistical analyses were conducted using SPSS (Statistical Program for Social Sciences, SPSS Corporation, Chicago, IL) version 12.0 for Windows. Analysis of variance (ANOVA) in a completely randomized design, Duncan's multiple range test and Pearson's correlation coefficients were performed to compare the data. All determinations were done at least in triplicate and all were averaged. The confidence limits used in this study were based on 95% (i.e., P < 0.05).
RESULTS AND DISCUSSION
Physicochemical Honey Characteristics
Results of moisture, ash, nitrogen and protein content are shown in Table 2 . There is a considerable variation in moisture content of Sudanese honey samples. It is in the range 16.2 to 21.3 g/100 honey they are included in the water range limits approved by the European Commission (EEC, 110/2001). The water content is a good criterion to establish the quality of honey; a higher content can produce honey fermentation during storage. The difference in moisture content was significant between all honey types. Ash content is ranged from 0.121 to 1.205 g/100 g honey, and it is an indicator of the mineral content. It is considered as a quality criterion indicating the possible botanical origin of honey. Nitrogen content ranged from 0.032 to 0.046 g/100 g honey while the corresponding protein content was 0.200 to 0.286 g/100 g honey. There was negative correlation between moisture content and total soluble solids ( • Brix) (r = −0.86). Results of moisture content in this study are comparable to that reported by Ibrahim. [23] They reported that average moisture content was 17.9 ± 2.5% and Ali [24] found that the moisture content of Sudanese honey samples ranged between 16.7 to 22.4 g/100 g honey. The ash content of Sudanese honey reported by Ali [24] ranged from 0.23 to 0.75 g/100 g sample while Ibrahim [23] found that the ash content ranged between 0.088 to 1.975 g/100 g honey. On the other hand, Elsarrag [25] found ash content varied from 0.19 to 0.89 g/100 g honey. The variability in the All determinations were carried out in triplicate and mean value ± standard deviation (SD) reported. Mean values in the same column having different superscript letters differ significantly (P > 0.05). ash content of honeys could be due to the material collected by the bees during the foraging on the flora. [26] Results of nitrogen content were in disagreement with those reported by Ibrahim [23] who found nitrogen content ranged from 0.047 to 0.21 g/100 g sample. Results of pH, RI, • Brix and EC are shown in Table 3 . The samples varied in pH from 4.50 to 4.80 except Azadirachta indica honey (Neem) which showed a pH of 3.70. The Sudanese honeys analyzed were found to be acidic in character. The pH values of Indian, Portugalian, Spanish, and Turkish honeys were varied as 3.70 to 4.40, 3.45 to 4.70, 3.63 to 5.01, and 3.67 to 4.57, respectively. [27] [28] [29] [30] Honey pH is affected by the conditions during extraction and storage, which also influences texture, stability, and shelf-life. pH is indeed a useful index of possible microbial growth, since most bacteria grow in a neutral and mildly alkaline environment, while yeasts and moulds are capable of developing in an acidic environment (pH = 4.0-4.5) and do not grow well in alkaline media. [31] In general, honey is acidic in nature irrespective of its variable geographical origin. [27] The total acidity varied significantly among honey types. In comparison with Al-Khalifa & Al-Arify, [15] who investigated Saudi honeys, honeys from Ziziphus spina-christi and Acacia sp.were greatly different from that of Sudanese samples concerning refractive index, moisture, ash and pH and these differences might be according to different locations and environment. The refractive indices of Sudanese honeys samples were measured at a constant temperature near 20 • C using a Hilger Watts refractometer. In general, the refractive index increases with the increase in the solid content. From Table 3 the RI ranged from 1.483 to 1.496, which are represented by Azadirachta indica honey (Neem) and Acacia nilotica honey (Sunut), respectively.
The total soluble solids of the honey samples were measured by refractometry using a hand refractometer from Extech and the results were expressed in • Brix. The results of • Brix ranged from 75.2 for Azadirachta indica honey (Neem) and 79.0 for Acacia nilotica honey (Sunut). The electrical conductivity (µS/cm) is closely related to the concentration of mineral salts, organic acids and proteins. This parameter shows great variability according to the floral origins and it is important for the differentiation of honeys of different floral origins. [32] In Sudanese honeys samples, the electrical conductivity varied in the All determinations were carried out in triplicate and mean value ± standard deviation (SD) reported. Mean values in the same column having different superscript letters differ significantly (P > 0.05). range from 200 to 800 µS/cm, which seem to be less than the electrical conductivity in Indian honeys samples, which varied in the range of 330 to 940 µS/cm. [27] But it is higher than the Portugalian honeys which ranged from 114.7 to 636.5 µS/cm. [28] 
Estimation of Total Phenolic Content
Honey utilized in this study was not submitted to thermal treatments or to pasteurization or any other operation to alter its natural composition. The concentration and type of phenolic substances depend on the floral origin of honey and those are the major factors responsible for biological activities of honey. [33] Using the standard curve of gallic acid, r = 0.988, the total phenolic contents (mg of GAE/100 g sample) of the honey samples varied from 4.44 ± 0.85 mg GAE/100 g honey in Cucurbita maxima honey (pumpkin) to 201.08 ± 2.49 mg GAE/100 g honey in Acacia nilotica honey (Sunut) as shown in Table 4 . Highly significant differences (P < 0.05) were observed in phenolic content of different samples. Acacia nilotica honey (Sunut) demonstrated higher amount of total phenolics in this assay (201.08 ± 2.49 mg GAE/100 g honey) followed by Balanites aegyptiaca honey (Heglig) 146.38 ± 5.23 mg GAE/100 g honey and Acacia seyal honey (Talih) 67.11 ± 1.72 mg GAE/100 g. Cucurbita maxima honey (Pumpkin) recorded the lowest amount of phenolic contents (4.44 ± 0.85 mg GAE/100 g honey). Almost, the two types of Ziziphus spina-christi honey (Sidir of mountain and Sidir) showed similarity in their amount of phenolic contents (21.98 ± 0.70 and 20.15 ± 2.79 mg GAE/100 g honey) whereas Azadirachta indica honey (Neem) showed lower amount of total phenolic content (17.15 mg/100 g honey). Results of this study were slightly different from that published by other authors, i.e., Al-Mamary et al., [33] which was carried out in Yemeni honeys; found that the total phenolic contents of Yemeni honeys were between the ranges of 75.13 to 246.21 mg catechin equivalent CE/100 g honey. Moreover, the results of the Folin-Ciocalteau method for Burkina Fasan honeys [34] showed some different from results of Values are mean ± SD of three readings; GAE: gallic acid equivalent; and IC 50 : dry weight causing 50% inhibition of lipid peroxidation. this study. It was ranged from 32.59 to 114.75 mg GAE/100 g honey. They analyzed samples of multifloral and unifloral honeys; unifloral honeys derived from flowers of Acacia, Combretaceae, Vitellaria, and Lannea plant species. Differences of flora may lead to the disagreement of the results. Since different plants contain different phenolic compounds and show variation in their total phenolic contents. [35] The significant variation between honey samples of this study in their total phenolic contents may be due to variation in their floral sources.
Determination of Antioxidant Activity
The antioxidant activities of honey samples were assumed to be different from each other due to different floral sources. Antioxidant activity was evaluated by using (TBARS) method ( Table 4 ). Highly significant differences were observed among antioxidant activities of samples (P < 0.01). The antioxidant activities of the samples varied within a wide range of values, the greatest antioxidant effect, lowest IC 50 (dry weight causing 50% inhibition), being found in Azadirachta indica honey (Neem) 3177 µg, followed by Balanites aegyptiaca honey (Heglig) 4045 µg, Ziziphus spina-christi honey (Sidir) 4068 µg, Acacia seyal honey (Talih) 4679 µg and the lowest antioxidant effect, highest IC 50 , observed in Acacia nilotica honey (Sunut) 6247 µg, Cucurbita maxima Duch.honey (Pumpkin) 5323 µg and Ziziphus spina-christi honey (Sidir of mountain) 5125 µg. The antioxidants that naturally occur in honey contribute to antioxidant capacity which play important role in reducing oxidative reactions within the food system and human health. [36] It is noticeable that most tested samples which demonstrate greater antioxidant activities show low amount of phenolic contents suggesting that other constituents could be contributing to this activities. Nevertheless, Balanites aegyptiaca honey demonstrate higher antioxidant effect and at the same time higher phenolic contents. This indicates that phenolic compounds might affect the antioxidant activity measured.
Although Acacia nilotica (Sunut) honey had the highest phenolic contents, nevertheless, it had the lowest antioxidant effect (highest IC 50 ). The explanation for the weakness of antioxidant activity of this sample may be due to the presence of different types of phenolic compounds, which may not possess functional antioxidant properties. Despite Azadirachta indica honey showed phenolic compounds (17.15 ± 1.75 mg GAE/100 g honey), it contained the highest antioxidant effect (lowest IC 50 ) 3177 µg. The antioxidant effect of this sample may be due to other constituents such as ascorbate, α-tocopherol and β-carotene, which possesses antioxidant properties. Presence of constituents other than the phenolic compounds such as vitamins C, E and carotenoids may influence the total antioxidant activity. [37] Some authors found that variations in the antioxidant activities of honeys are due to the quantitative and qualitative nature of their phenolic contents. However, Gheldof, Wang, and Engeseth, [6] found that while phenolic compounds contribute significantly to the antioxidant capacity of honey, they are not solely responsible for it. Balanites aegyptiaca honey (Heglig) in this study showed good results for both phenolic contents and antioxidant activity (146.38 mg and 4045 µg) respectively. These results indicate that the antioxidant activity of this sample may be due to phenolic compounds. Possible correlation between the antioxidant activity of diluted honey samples and their phenolic contents was tested. No significant correlation was found between antioxidant activity and phenolic contents (r = 0.441), indicating that phenolics are not the only components responsible for the antioxidant effect of honey, but obviously other factors are involved.
